ON THE ROLE OF CYSTATHIONINE-γ-LYASE IN MODULATING TRANSSULFURATION PATHWAY IN THE LENS by CALVANI, ENRICA
References 
 
On the role of cystathionine-γ-lyase in modulating transsulfuration pathway in the lens  41 
 
REFERENCES 
 
• Abe K., Kimura H., 1996. “the possible role of hydrogen sulphide as an 
endogenous neuromodulator” J. Neurosci.16: 1066-1071. 
• Aleman G., Tovar AR., Torres N., 2001. “Homocysteine metabolism and risk of 
cardiovascular disease: importance of the nutrition status in folic acid, vitamins B6 
and B12”. RIC, 53: 41-151. 
• Banerjee R, Evande R, Kabil O, Ojha S, Taoka S 2003. “Reaction mechanism and 
regulation of cystathionine beta-synthase”. Biochim Biophys Acta. 2003; 1647:30-
35 
• Bradford MM, 1976.”A rapid and sensitive method for the quantitation of 
microgram quantities of proteins utilizing the principles of protein-dye binding”. 
Anal Biochem., 72:248-254. 
• Calusen T., Huber R., Prade L., Wahl MC., Messerschmidt A., 1998. “Crystal 
structure of Escherichia coli cystathionine-γ-synthase at 1.5 A resolution” EMBO J. 
17(23):6827-38 
• Carson NAJ., Neill DW., 1962. “Metabolic abnormalities detected in a survey of 
mentally backward individuals in Northen Ireland”. Arch. Dis Child., 37:505. 
• Chiku T., Padovani D., Zhu W., Singh S., Vitvitsky V., Banerjee R.,2009. “H2S 
biogenesis by human cystathionine-γ-lyase leads to the novel sulphur metabolites 
lathionine and homolanthionine and is responsive to the grade of 
hyperhomocysteinemia”. J. Biol. Chem.; 284(17):11601-12. 
• Christensen B., Refsum H., Vintermyr O., Ueland PM., 1991. “Homocysteine 
export from cells cultured in the presence of physiological or superfluous levels of 
methionine: Methionine loading of non-transformed, transformed, proliferating, 
and quiescent cells in culture”. J. Cell. Physiol.146: 52. 
• Diwakar L., and Ravindranath V., 2007. “Inhibition of cystathionine-γ-lyase leads 
to loss of glutathione and aggravation of mitochondrial dysfunction mediated by 
excitatory amino acid in the CNS”. Neurochem. Intern.50: 418-426. 
• Erickson PF., Maxwell IH., Su LJ., Baumann M., Glode LM., 1990. “Sequence of 
cDNA for rat cystathionine-γ-lyase and comparison of deduced amino acid 
sequence with related Escherichia coli enzymes”. Biochem.J., 269: 335-340. 
• Elrod JW., Calvert JW., Morrison J., Doeller JE., Kraus DW., Tao L., Scalia R., 
Kiss L., Szabo C., Kimura H., Chow CW., Lefer DJ.; 2007. “Hydrogen sulfide 
attenuates myocardial ischemia-reperfusion injury by preservation of mitochondrial 
function”. Proc. Natl Acad. Sci. USA, 104:15560-15565. 
• Eto K.,Ogasawara M., Umemura K., Nagai Y., Kimura H., 2002. “Hydrogen 
sulphide is produced in response to neuronal excitation”. J. Neurosci. 22: 3386-
3391 
• Eto K.,Ogasawara M., Umemura K., Nagai Y., Kimura H., 2004. “Hydrogen 
sulphide is produced in response to neuronal excitation”. J Neurosci 24:5649. 
• Ferrer J., Gasco E., Sastre J., Pallardo FV., Asensi M., Vina J., 1990.”Age-related 
changes in glutathione synthesis in the eye lens”. Biochem. J. 269: 531-534 
• Field CMB., Carson NAJ., Cusworth DC., Dent CE., Neill DW., 1962. 
“Homocystinuria: a new disorder of metabolism” (abstr), in Abstracts of the tenth 
international congress of paediatrics (Lisbon )274. 
References 
 
On the role of cystathionine-γ-lyase in modulating transsulfuration pathway in the lens  42 
• Finkelstein JD. 2000. “Pathways and regulation of homocysteine metabolism in 
mammals”. Semin Thromb Hemost.;26(3):219-25. Review.  
• Fitzgerald PJ., Bok D, Horovitz J., 1985. “The distribution of the main intrinsic 
membrane polypeptide in ocular lens”. Curr. Eye Res.4 (11): 1203-1218. 
• Gaitonde MK. 1967 “A spectrophotometric method for the direct determination of 
cysteine in the presence of other naturally occurring amino acids”. Biochem. 
J.;104(2):627-33. 
• Gaull G., Sturman JA., Raiha NCR. 1972. “Development of mammalian sulphur 
metabolism: absence of cystathionase n human fetal tissues”. Pediatr. Res. 6: 538-
547 
• Giblin F.J., 2000. “Glutathione: a vital lens antioxidant”. J. Ocul. Pharmacol. Ther. 
16: 121-135. 
• Giusti L., Baldini C., Bazzichi L., Ciregia F., Tonazzini I., Mascia G., Giannaccini 
G., Bombardieri S., Lucacchini A., 2007. “Proteome analysis of whole saliva: a 
new tool for rheumatic diseases the example of Sjögren’s syndrome”. Proteomics; 
7(10):1634-43. 
• Goodwin LR., Francom D., Dieken FP., Taylor JD., Warenycia MW., Reiffestein 
RJ., Dowling G., 1989. “determination of sulphide in brain tissuesby gas 
dyalisis/ion chromatography: post mortem studies two case reports” J. Anal. 
Toxicol 13: 105-109. 
• Griffith OW., 1999. “Biologic and Pharmalogic regulation of mammalian 
glutathione synthesis”. Free Radic. Biol. Med. 27: 922-935 
• Harding J.J., 1991. “Cataract biochemistry, epidemiology and pharmacology”. 
Chapman and Hall: London. 
• Hosoki R., Matsuki N., Kimura H., 1997. “The possible role of hydrogen sulphide 
as an endogenous smooth muscle relaxant in synergy with nitric oxide”. Biochem. 
Biophys. Res. Commun., 237: 527-531. 
• Huang CS., Chang LS., Anderson ME., Meister A., 1993. “Catalytic and regulatory 
properties of the heavy subunit of rat kidney gamma-glutamylcysteine synthase”. J 
Biol Chem; 268: 19675-19680. 
• Huang ZA., Yang H., Chen C., et al., 2000. “Inducers of γ-glutamylcysteine 
synthase and effect on glutathione synthase expression”. Biochim Biophys. Acta, 
1493: 48-55 
• Ishii I., Akahoshi N., Yu XN., Kobayashi Y., Namekata K., Komaki G., Kimura H., 
2004. “Murine cystathionine-γ-lyase: complete cDNA and gnomic sequences, 
promoter activity, tissue distribution and developmental expression”. Biochem J., 
381: 113-123. 
• Iwata-Ichikawa E., Kondo Y., Miyazaki I., et al., 1999. “Glial cells protect neurons 
against oxidative stress via transcriptional up-regulation of the glutathione 
synthesis”. J. Neurechem., 72: 2334-2344. 
• Kery V., Poneleit L., Meyer J., Manning M., Kraus JP., 1999. “Binding of 
pyridoxal 5’-phosphate to the heme protein human cystathionine-β-synthase”. 
Biochemistry, 38: 2716. 
• Kimura H., Nagai Y., Umemura K., Kimura Y., 2005. “physiological roles of 
hydrogen sulfide: synaptic modulation, neuroprotection, and smooth muscle 
relaxation”. Antiox. Redox Signal, 7: 795-803. 
References 
 
On the role of cystathionine-γ-lyase in modulating transsulfuration pathway in the lens  43 
• Krauss J.P., Janosik M., Kozich V., Mandell R., Shih V., Sperandeo M.P., Sebastio 
G., de Franchis R., Andria G., Kluijtmans L.A., Blom H., Boers G.H., Gordon 
R.B., Kamoun P., Tsai M.Y., Kruger W.D., Koch H.G., Ohura T., Gaustandes M.; 
1999. “Cystathionine b-synthase mutations in homocystinuria”. Hum. Mutat.; 13, 
362–375. 
• Kuszak J.R., Rae J.L. 1982. “Scanning electron microscopy of the hog lens”. Exp. 
Eye Res. 35: 499-519. 
• Lammli UK, 1970. “ Cleavage of structural proteins during the assembly of the 
head of bacteriophage T4”. Nature, 227(5259):680-5. 
• Li L., Bathia M., Moore PK., 2006 “hydrogen sulphide; a novel mediator of 
inflammation?” Cur.r Opin. Pharmacol.6:125-129. 
• Lou MF., 2000. “Thiol regulation  in the lens”. J. Ocul. Pharmacol. Ther. 16: 137-
148 
• Lu Y., O’Dowd BF., Orrego H., Israel Y, 1992. “cloning and nucleotide sequences 
of human liver cDNA encoding for cystathionine-γ-lyase”. Biochem Biophys. Res. 
Commun., 189: 749-758. 
• Mackic J.B., Jinagouda S., McComb J.G., Weiss M.H., Kannan R., Kaplowitz N., 
Zlokovic B.V., 1996. “Transport of circulating reduced GSH at a basolateral side of 
the anterior lens epithelium: physiologic importance and manipulation”. Exp. Eye 
Res 62 (1), 29-37. 
• Martel A., Bouthier de la Tour C., Le Goffic F., 1987. “Pyridoxal 5’ Phospate 
binding site of Escherichia coli beta cystathionase and cystathionine gamma 
synthase comparison of their sequences”. Biochem. Biophys. Res. Commun. 147: 
565-571 
• Martin JA. Pereda J., Martinez-Lopez I., Escrig R., Miralles V., Pallardo FV., Vina 
JR., Vento M., Vina J., Sastre J., 2007.”Oxidative stress as a signal to up-regulate 
γ-cystathionase in the fetal to neonatal transition in rats” Cell. Mol. Biol. 53: 1010-
1017. 
• Masuda T., Ozaki H., Tai A., 1986. “Affinity chromatography of a group specific 
adsorbent for pyridoxal phospate dependent enzymes”. Agric. Biol. Chem., 50 (11): 
2763-2769. 
• Matsuo Y., Greenberg DM., 1958. “A crystalline enzyme that cleaves homoserine 
and cystahionine”. J. Biol. Chem., 230: 545-560. 
• Meister A., Anderson ME 1983. “Glutathione”. Annu. Rev. Biochem. 52:711-760 
• Moore PK:, Bhatia M., Moochala S., 2003. “Hydrogen sulphide from the smell of 
the past to the mediator of the future?”. Trends Pharmacol. Sci.; 24: 609-611. 
• Mosharov E., Cranford M.R., Banerjee R., 2000. “The quantitatively important 
relationship between homocysteine metabolism and glutathione synthesis by the 
transulfuration pathway and its regulation by redox changes”. Biochem. 39:13005-
13011. 
• Mostafapour MK. and Schwartz CA., (1981)” Purification of heat stable beta-
crystallin polypeptide in the bovine lens”. Curr. Eye Res.1:517-522. 
• Mudd SH, Finkelstein JD, Irreverre F, Laster L., 1964. “Homicystinuria: an 
enzymatic defect”. Science, 143: 1443. 
References 
 
On the role of cystathionine-γ-lyase in modulating transsulfuration pathway in the lens  44 
• Mudd SH, Finkelstein JD, Irreverre F, Laster L., 1965. “Transsulfuration in 
mammals: microassays and tissue distributions of three enzymes of the pathway”.J 
Biol Chem.; 240(11):4382-92. 
• Mudd SH., Levy HL., Kraus JP., 2001. “Disorder of transsulfuration, p. 2007-2056. 
In C.R. Scriver, A.Beaudet, W. Sly, and D. Valle (ed.). The metabolic basis of 
inherited diseases. McGraw-Hill Co., New York, N.Y. 
• Mudd, S.H., Skovby, F., Levy, H.L., Pettigrew, K.D., Wilcken, B., Pyeritz, R.E., 
Andria, G., Boers, G.H.J., Bromberg, I.L., Cerone, R., Fowler, B., Grobe, H., 
Schmidt, H., Schweitzr, L.; 1985. The natural history of homocystinuria due to 
cystathionine b-synthase deficiency.Am. J. Hum. Genet.; 37, 1–31. 
• Olney et al.; 1990. “L-cysteine a bicarbonate sensitive endogenous excitoxin”. 
Science; 248, 596-599. 
• Ogasawara Y, Ishii K, Tanabe S. 2002. “Enzymatic assay of gamma-cystathionase 
activity using pyruvate oxidase-peroxidase sequential reaction”. J Biochem Biophys 
Methods.; 51(2):139-50. 
• Perry TL., Hansen S., MacDougall L., 1966. “Homolanthionine excretion in 
homocystinuria”. Science, 152: 1750-1752. 
• Persa C., Pierce A., Ma. Z., Kabil O., Lou MF., 2004. “ the presence of transsulfu- 
ration pathway in the lens: a new oxidative stress defense system”. Exp. Eye Res. 
79: 875-836. 
• Pettersen EF., Goddard TD., Huang CC., Couch GS., Greenblatt DM., Meng EC., 
Ferrin TE., 2004. “UCSF Chimera a visualization system for exploratory research 
and analysis”. J. Comput. Chem., 25: 1605-1612. 
• Pompella, A.; Visvikis, A.; Paolicchi A.; de Tata V.; Casini, A.F. 2003; “The 
changing faces of glutathione, a cellular protagonist”. Biochem. Pharmacol., 66, 
1499-1503. Reddy VN, 1990. “Glutathione and its function in the lens – an 
overview”. ”. Exp. Eye Res.50, 771-8. 
• Qu K., Chen CP:, Halliwell B., Moore PK., Wong PT., 2006. “Hydrogen sulphide 
is a mediator of cerebral ischemic damage Stroke, 37: 889-893. 
• Rathbun W.B., Betlach M.V., 1969. “Estimation of enzymically produced 
orthophosphate in the presence of cysteine and adenosine triphosphate”. Annal 
Biochem. 4;28(1):436-45. 
• Rathbun W.B., Murray D.L. 1991. “Age-related cysteine uptake as rate-limiting in 
glutathione synthesis and in glutathione half-life in cultured human lens”. Exp. Eye 
Res. 53: 205-212. 
• Ravindranath V., and Reed DJ., 1990. “Glutathione depletion and formation of 
glutathione-protein mixed disulphides following exposure of brain mitochondria to 
oxidative stress”. Biochem. Biophys, Res. Commun. 169: 1075-1079 
• Sastre J., Martin JA., Gomez-Cabrera MC., Pereda J., Borras C., Pallardo FV., Vina 
J., 2004. “Age-associated oxidative damage leads to absence of γ-cystathionase in 
over 50% of rat lenses: Relevance in cataractogenesis”. Free Radic. Biol. Med.38: 
575-582. 
• Shukla GS., Shukla A., Potts RJ., et al., 2000. “Cadmium mediated oxidative stress 
in alveolar epithelial cells induces the expression of gamma-glutamylcysteine 
synthetase catalytic subunit and glutathione S-transferase alpha and pi isofoforms: 
potential role of activator protein-1”. Cell. Biol. Toxicol., 16:347-362. 
References 
 
On the role of cystathionine-γ-lyase in modulating transsulfuration pathway in the lens  45 
• Steegborn C., Clausen T., Sondermann P., Jacob U., Worbs M., Marinkovic S., 
Huber R., Wahl MC., 1999. “Kinetic and Inhibition of recombinant human 
cystathionine-γ-lyase”. J. Biochem. Chem.: 274:12675-12684. 
• Stover SK., Gushansky GA., Salmen JJ., Gardiner CS., 2000. “regulation of 
gamma-glutamylcysteine ligase expression by oxidative stress in the mouse 
preimplantation embryo”. Toxicol. Appl. Pharmacol., 168: 153-159. 
• Sun Q., Collins R., Huang S., Holmberg-Schiavone L., Anand GS:, Than CH., Van 
den Berg S., Deng LW., Moore PK., Karlberg T., Sivaraman J., 2009. “Structural 
basis for the inhibition mechanism of human Cystathionine γ-lyase, an enzyme 
responsible for the production of H2S”. J.Biol.Chem 284 (5): 3076-3085.  
• Tadiboyina VT., Rupar A., Atkinson P., Feigenbaum A., Kronick J., Wang J., 
Hegele RA., 2005. “Novel mutation in DGUOK in hepatocerebral mitochondrial 
DNA depletion syndrome associated with cystathioninuria”. Am. J. Med. Genet. A., 
135: 289-291. 
• Tang CS., Li XH., Du JB., 2006. “Hydrogen sulphide a new endogenous gaseous 
transmitter in the cardiovascular system”. Curr. Vasc. Pharmacol., 4: 17-22. 
• Tate SS., Meister A., 1981. “Gamma-glutamyltranspeptidase: catalytic, functional 
and structural aspects”. Mol. Cell. Biochem., 25 (39): 357-368. Review. 
• Uren JR., Ragin R., Chaykovsky M., 1978. "Modulation of cysteine metabolism in 
mice: effects of propargylglycine and L-cyst(e)ine-degrading enzymes”. Biochem. 
Pharmacol. 27: 2807-2814. 
• Vitvitsky V., Mosharov E., Tritt M., Ataullakhanov F., Banerjee R., 2003. “Redox 
regulation of homocysteine-dependent glutathione synthesis”. Redox Rep.;8: 57-63. 
• Wang J., and Hgele RA., 2003. “Genomic basis of cystationinuria (MIM 21950) 
revealed by multiple mutations in cystathionine gamma-lyase (CTH)”. Hum. Genet. 
112: 404-408. 
• Wang W., Ballatori N., 1998. “Endogenous glutathione conjugates: occurrence and 
biological function”. Pharmacological Reviews, 50 (3); 335-355. 
• Yamagata S., D’Andrea RJ., Fujisaki S., Isaii M., Nakamura K., 1993. “Cloning 
and bacterial expression of the CYS3 gene encoding cystathionine-γ-lyase of 
Saccharomyces cerevisiae and the physiochemical and enzymatic properties of the 
protein”. J Bacteriol 175 (15): 4800-4808. 
• Yang G., Wu L., Jiang B., Yang W., Qi J., Cao K., Meng Q., Mustafa AK., Zhang 
S., Snyder S., Wang R., 2008. “H2S as a Physiologic vasorelaxant: hypertension in 
mice with deletion of cystathionine-γ-lyase”. Science 322: 587-590. 
• Zhao W., Ndisang JF., Wang R., 2003. “modulation of endogenous production of 
H2S in rats tissues”. Can. J. Physiol. Pharmacol. 81(9):848-53. 
• Zhao W., Zhang J., Lu Y., Wang R., 2001. “The vasorelaxant effect of H2S as a 
novel endogenous gaseous K(ATP) channel opener”. EMBO J. 20:6008-6016. 
• Zhu W., Lin A., Banerjee R., 2008. “Kinetic properties of polymorphic variants and 
pathogenic mutants in human cystathionine γ-lyase”. Biochemistry, 47: 6226-6232. 
• Zlokovic B.V., Mackic J.B., McComb J.G., Kaplowitz N., Weiss M.H., Kannan R., 
1994. “Blood-to-lens transport of reduced GSH in an in situ perfused guinea pig 
eye”. Exp. Eye Res; 59, 487-96.  
 
 
